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Introduction 

The logarithmic polar curve has for several years been used by 
the most prominent aerodynamical laboratories as v/ell as by airplane 
m.anuf acturers in Europe • 

The vast possibilities of the method, when once thoroughly mas- 
tered and properly used, and the saving of time and exDense in- 
volved in the analytical treatment of performance, amply justify 
its use. Any one who familiarizes himself with the method \?ill, 
within a short time, find a large number of applications, not men- 
tioned in this note, y;hich, however, will come up in connection 
with airplane design- As exariiples, some additions to the original 
method which I have made m.yself and which may increase the useful- 
ness of the method for perform.ance estimation, are described and 
their construction sho^m. 

To show m.ore clearly the practical application of the polar 
curve, a series of examples are appended liereto with suggestions 
for solutions- I am indebted to Mr. Elliott G, Reid of the N.A-C-A. 
Langley Memorial Aeronautical Laboratory for his thorough checking 
of the manuscript and also for the valuable suggestions he has made. 
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In making up tlie appended chart, en^ineeriiog units ha.ve been uned 
throughout, as they are more convenient to use in a design office^ 
giving directly the results in easily visualized units- 



In working on the problems connected with aerodynamics and re- 
lated ^abject S5 graphical solutions are often used due to the facil- 
ity with which the designer can obtain from them his data and thence- 
forth make suitable changes in his design, if needed, to meet cer- 
tain requirements- To show graphically the relations between the 
air forces acting on an airplane, its velocity, angle to the rela- 
tive wind (angle of attack), climbing ability, etc., is therefore 
desira.ble - and several attempts have been made to obtain a satis- 
factory graphical method- 

One method v/as demonstrated by Eiffel in his work "La Resist- 
ance de L'air et aviation" and mentioned in his later works, among 
others, "Nouvelles Recherches sur la Resistance de L'air et L * avia- 
tion, " and in a modified form in "Zeitschrift fiir Flugtechnik und 
MotorluftscMffahrt," by Dr. E- Everling, but they are lacking in 
several details. The last named, especially, has the undesirable 
feature that certain values necessary for the design cannot be 
solved, but only approximately estima.ted. One method, based on vec- 
tor algebra, which has great merits and shows in a very neat way 
the variations of thie performance properties of an airplane sub- 
jected to different arrangements of power plant, supporting surfaces, 
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etc., has been suggested by Rith, of the Eifxel Laboratory at Autsuil, 
France. 

I ha'^'^e attempted by this note to o-itline the theory and to show 
some of the possibilities of the Rith >nethod, generally known as the 
"logarithmic polar curve'^ for the predetermination of airplane per- 
forrnpnce, and also to show some modifications required by more re- 
cent conceptions of performance. 

T> The Theory of the "LQ p:arlth mic Polar C urve ^ ^' 

In the study of airfoil profiles, several organizations m.ake use 
of a polar curiae in Cartesian coordinates which irust not be confused 
with the polar curve in logarithmic coordinates, the latter being 
used solely for the study of comnlete airplanes. The different 
forces acting on an airplane may be replaced by one force R v*ich 
in turn may be divided into the two components or drag, parallel 

to the direction of flight, and L, or lift, perpendicular to D- 
We can obtain the common polar by plotting the values of L and D, 
for unit velocity, along the axes of a Cartesian coordinate system. 
Herein a line dra-^/n from the origin to ony point on the curve repre- 
sents the direction and magnitude of the resultant air force R- 

If, instead of plotting the values of L and D themselves, 
we plot their logarithms as Rith has suggested, we obtain a continu- 
ous curve, the logarithmic polar curve. 

TO plot the polar curve, we must, therefore, know the values of 
these forces for different angles of attack- These values may be ob- 
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tained by wind tunnel measurements or analytically. Wh^n tliey have 
been obtained^ one or another, re plot their lop:arithms along 
the respective axes in a logarithmic coorc'inate system. Yifith the 
help of the graduations found on a slide rule, or better, by using 
logarithmically graduated plouting paper, this can easily be done. 
For routine rorl: it is advisable to have blanks made up similar to 
Fig. 14 of Ap-oendix m. 

Let us adopt the follov;ing notation: 

P»= Thrust power in lb.-:'^t. -oer second. 

¥ ~ Weight of airplane in pounds- 

S = ?;ing area in sq.ft. 

V^" Velocity in feet per second. 

Ct = (Lift coefficient, absolute). 

Sq 

Cr) = ~— (Drag coefficient, absolute) . 
Sq 

wherein 

L = Lift force in pounds. 
D =^ Drag force in pounds. 

q = p| — = Dynamic pressure in lb. per sq*ft. 
P = Mass density of air (slugs per cu.ft-) 
The two fundamental aerodynamic equations are: 
P = SqV = 

W ^ Gt^ Sq = 
wherein 

Cj) Sq = Drag 
Cl Sq = Lift 



^ Cc SVr^ (1) 



# Cl sv« 



(2) 
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If the follo'.ving values be substituted: 
P 

2 Gd 3 = Y^x (Dmg in lb. at V - 1 ft^/cecO 

I Cl S - K'y (Lift in lb. at V = 1 ft./secO 

the original equations become: 

P' - K^r, (3) 

¥ = K»y ^ (4) 

Writing (3) and (4) in logarithmic form.- 

Log P» - log K'x 3 log V« (5) 

Log W = log K'y 2 log V» (6) 

and transposing, re Tiave 

log Kt^^ = log - 3 log V (7) 

log K'y = log W - 2 log V (8) 

These equations define the loga::i third c polar cur\-e. 

Considering log E'x ^^g K*y as abscissa and ordinate, 

respectively^ the above equations show that each has a component 
expressed in terns of log V« . The components of log K'x 
log K'y are plotted, c' i a grammati callus in Fig- 1** Now as V has 
the sainne value in both equations, i.e., the equations are simult8,ne- 
ous, and as the components in log V bear a constant relation to 
each other, the addition of a third axis to the diagram makes it 
possible to plot the resultant of the two components, -3 log V* 
and -2 log V , directl^^. This "velocity axis" has the slope 2/3 
and is a..lso graduated logarithmically. Its m^odulus is 
* see Page 6 for footnote. 
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ab = y 3^ + 3^ K'^ (or K^y) 

= 3.605 times the modulus of the K\ and K^,^ axes. 

To make the chart more directly applicable, the scales are grad- 
uated doubly, i.e., along the Kx scale we have ? in horsepower, 
along Ky there is a T7 scale reading in pounds, a.nd the V scale 
ir.ay be graduated both in M.P.H. and ft. per second, if desired. 

7\fhen a reference value (Vq) is chosen on the V axis, the re- 
lations between the other double scales become fixed. (it is worthy 
of note that only the directions, and not the positions of the loga- 
rithmic scales are essential to the use of the chart.) For practical 
work I have found it advisable to use a value Vq = 200 M.p.H. 
As the M.P.H. scale on the v axis v/ill be most generally used 

* It will be noted that -3 log V and -2 log V have been plotted 
as positive quantities, if referred to the K'x K'y axes. The 
reason for doing this becomes evident from an examination of equa- 
tion| (3) and (4). There one will see that K'x varies with 
l/v and Ky with l/v'^ . It then becomes necessary to gradua.te 
the V axis so that this inverse variation will hold. This is done 
by giving the axis the slope 2/3, a modulus 3. 505 times that of the 
Kx and Ky axes and making its 'oositive sense toward the left and 
dovmward. 

That this process is the rational one may be confirmed by the 
following case. Let us suppose that the polar (Fig- 1) intersects 
the V axis at the point (log log W) . The V components are 
then zero and, under these conditions, the airplane represented by 
this polar will maintain level flight at the velocity Vq, chosen 
as reference on the 7 axis. Now let us suppose that and W 

are increased in such proportion that the point (log P^ , log ) is 
on the V axis, but to the right and above the point first consid- 
ered. In this case, the resultant of the velocity components must 
be directed downward and to the left. That this vector must repre- 
sent a velocity greater than Vq is evident from the fact that both 
conditions of flight involve the same attitude and, consequently, 
the same values of Cl and l/d* As in the second a greater weight 
is being supported, the velocity of fl-ight must be greater to pro- 
vide the additional lift necessary. 
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we must transform equations (3) and (4) accordingly. Also v/e will 
noxT express P in horsepower rather than lb. -ft. per second. The 
equations then become 



or 



550 p = l'L8C>^ (9) 

Usoo ./ 



= 550 P X 5600 ^ 375 F (93,) 
^'^ 5280 



-4 ' = 7^ lis) <^°^ 

\3G00 / 

or Kv = ^- (10a) 
V 



wlierein 



P is poi7er in HP 

Kx is drag in lb. at one M.P.H. 

y is velocit3;- in M.P»H. 

Ky is lift in lb. at one M.P.H. 

Arbitraril3^ assuming P = 100 HP and W = 1000 lb-, we now 
solve (9a) and (10a) and find 

Kj, = 0.00468 
and Ky = 0.035 
Thus, F-x = 0.00468 corresponds to ICO HP and 

K,. = 0.025 to 1000 lb. at ?00 I!.P.H- 
TO still rrore increase the value of the system we will add two 
more scales- 

The first scale, or rather, scale system, is designed to obtain 
the thrust horsepower ^-"hen propeller efficiency n , and .engine 
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horsepower 'p--^ are Imown. Tliis scale system is originated Td:v^ tha 
rrriter^ and its application is sho^.^n in Fig:- 2. 

To obtain thrust horsepower when ongiiije horsepower and propeller 
efficiency are known, draxr a line parallel to the lines shown on the 
appended graph from engine horsepower at a* A line from proT)eller 
efficiency'- at Id parallel to the X-axis intersecting the oblique 
line e.t d will give thrust horsepower at c- The graduation on the 
propeller efficiency scale is naturally logarithmic, with a modulus'; 
independent of all the other scales, and can be given any value suit- 
ing the individual user. This system is introduced for the first 
time here and has worked out very well in practice* The influence 
of propeller efficiency on the various performance factors can quick- 
ly be shovrn and the correct propeller efficiency chosen for each con- 
dition. 

The otSner scale is a size scale, if we wish to investigate the 
performance of an airplane which is geometrically simila.r to the one 
whose polar curve is too-^-rn, we need not draw a nev/ curve but my use 
the size scale for this purpose. Our new axis will be graduated in 
terms of the ratio between corresponding linear dimensions of the 
two airplanes. 

Assume that ^^-e T7ant to increase the linear size of an airplane 
n times- The supporting area in the new case will be 




Then equations (3) and (4) may be written 



P = 



n' 




(11) 



T/ = n' 



(12) 
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log - log P-3 log V-3 log n (13) 
log K3, = log J-2 log Y-2 log n (14) 

7itri the Sci-ne deduction as before, re find the slope of the new 
axis to he 2/2 = 1 (Fig- 3). 

The logarithmic modulus of this axis is therefore 



J 2^ -I- 2^ = J s = 2.828 times the modulus of the 



and ICy axes. 

This axis is else grsduated as an cltitude scale on the basis 
of the follo^-'ing principle: 

If angle of attach and velocity/ remin constant, the forces on 
an airplane vary directly ^^ith air density. Therefore ve may vrite 

?z Oq -X 

= Kv (IS) 
^o ' 

therein the subscript '-z denotes quantities existing at the altitude 

at vriiich plr density is Pz. end Pq is the density at ground level. 

Equations (15) f-nd (16) raa- be put into los^,;.-itlT;"ic form as 

p 

log K,, = log Pz - 3 log V - log -g^ (17) 

o 



log Kv - log "-2 - 2 log V - log -p^ (18) 

Here, as in the ce se of the n scale, \?e have equal co-:ii-oonent s 
of ordinate and abscissa, but this time in terms of the density ratio 
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A "density ratio axis" will then have the same slo-oe as that of the 



n scale, i-o^, +1, c?-nd a modulus J 2 tines that of the ^^^^d Ky 
scales (see Fig. 4) . 

As it is inore convenient to worl: vith altitude tha.n density 
ratio^ a logarithmic densit^^ ra.tio scrle has been made up, the equiv- 
alent density ratios noted thereon and the scale of z in thousands 
of feet used on the chart. 

(The density ratios used are those adopted by the U-S' Navy 
Bureau of Aerona.utics as "Standard Atmosphere-" A table of these 
ratios ia> given in Appendix I-) 

It mst be borne in mind that the altit^ade scale cannot be used 
directly, but mst be used in connection \7ith a method of correcting 
the available eixgine power for the influence of the reduced density 
at an altitude. 

Let us first assum.e that engine poTrer x^aries directly with densi- 
ty ratio, i.e., To represent this variation we use the con- 



struction shOTTn in Fig- 5. The pov;er at ground level is represented 
by the vector AB- To find the power at any altitude, we erect a 
perpendicular at B and the length of a horizontal line, such as 
CD, from the z axis to this perpendicular represents the power 
at tlhe alti'bade C- 

In most modern aviation engines, however, the power decreases 
somewhat more rapidly than the density ratio and the general average 
seems to be best expressed by 
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Therefore, if the correctirxg line has a slor)e of 1-1 with re- 
spect to the z-axis, the variation is taken care of. To this end, 
the scale in the lorrer right corner of the chart has been provided 
and is graduated directly in terms of the pov/er of the density ratio 
assi^med. to govern the variation of engine power. This scale is ex- 
tended in hoth directions so that the altitude performance of all 
engines, whether supercharged, "over-dimensioned" or not attaining 
the 1.1 ratio may he followed. The methods employed in the use of 
this system are self-explanatory and can be readily followed on the 
complete example worked out in Fig. 14, Appendix III- 

II. The P ractical A pplic ation of the Po l ar Curve . 

To show some of the methods of applying the polar curve to prac- 
tical problems, a. series of problems will be given below and methods 
suggested for solving the sa.me. 

(1) Given: Airplane ^^cross weight W 
Ehgi-ne Hi^rsepower P 
To find: Velocity V and angle of attack a. 
We as^me that the polar curve for the airplane is knom and is the 
one shown in Fip;. 6. 

Along the respective axis are plotted W and P and the point 
a obtained- From a v:e draw a line parallel to the V-axis until 
this line intersects our polar curve. This ha.ppens as we see, in 
this case, at two points b and c This shows that this airplane 
can sustain flight at two different a.ngles using the same engine 
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poTTer. The angles of attack axe of course the ones corresponding to 
"o and c. 

The velocities are represented "by the -/ectors ab and ac re- 
sooctivsly; their numerical Vclues are obtained by laying- off, froir 
Vq, the vectors in the direction in which they are drawn from a. 

(2) Given: Airplane gross weight 

TO find: Miniimim power for level flight and corresponding 
angle of attack end velocity. 
The construction is given in Fig- 7- A parallel to the V-axis 
is drav^m tangent to the polar curve- The tangent intersects a hori- 
zontal line from the point 17 at a- The vector '.Va represents 
minimum power, ab, the velocity, and the angle of attack is deter- 
mined from the position of b on the polar^ 

This is also the condition for maximum duration as minirmm power 
corresponds to m.ininum gross fuel consurTOtion- 

(3) Given: Airplane gross v-eight 

Velocity 

To find: Required engine power and angle of attack. 

As in Fig. 8, the known values V and W are marked along re- 
s-oective axes and hereby we obtain point a. Thereafter, a line is 
drawn parallel with the p-axis until it intersects our curve. The 
angle of attack corresponding to the point b is the required fly- 
ing angle and a-b is the required horsepower. 

If we move the line a-b parallel with itself we are reaching 
as a limit, the point ^/here the line is a tangent to the polar curve. 
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This gives us the maxirnu?7i i^eight of the airplane for a given velocity 
and so Yie have gone over to problem 4-. 

(4) G-ivon: Velocity 

To find: Maximum possible gross weight. 
As shovrn in Fig. 9, if we drav; a tangent line parallel to the 
F-a:ci8^ it irrill intersect at a a line draxvn parallel to the W-axis 
from the given velocity and we have hereby our W ma.ximum. 

(5) Given: E3lgijn:.e power and velocity 

To find: Gross weight and angle of ircidence. 
As in Fig. 10, the values P and V are plotted along their 
respective axes, thereby obtaining the point a. From a is dra,ra 
a line parallel to the W-axls until it intersects the curve- The 
angle of attack corresponding to point b is the angle sought and 
the distance a,-b the maximum possible gross weight with the given 
power. 

Keeping the engim power at the same value but moving a-b to 
the left we note the velocity increases. With the help of Fig- 11> 
we can therefore solve problem 6. 

(6) Given: Engine power 

To find: Maximumi horizontal velocity and corresponding 
op t imum v; e i ght . 

Draw a line parallel to the W-axis and tangent to the polar. 
Its intersection with the line of the velocity vector at d fixes 
V and do represents the optimum weight. 

(7) To find: Angle of attack and l/d ratio for flattest 

glide . 
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The only forces acting on an airplane during a steady glide are 
weight and total air reaction, propeller thrust "being zero. The tv/o 
forces are, necessarily, collinear, equal, and opposite. It is 
knoTm that the lift vector forms the same angle with that of the to- 
tal air force as does the horizontal with the line of flight. Lot 
us denote this angle by 7. Then the "best glide possible is that 
in ^-hich 7 is minimm. Nott, as 'V = ten"^ |-, this condition is 
attained friien the ratio — ^ is minimam or the l/d ratio is maxiri:iu.m. 

. Let us write = C • 

Then log Kx = log Ky - log c (^9) 

This is evidently the equation of a line parallel to the line 
log 

log Kx =/Ky, whose slope is one, and at a distance C above it. To 

reach ^ minimuin, a crust also be miniirrarn. From this fact and 
Ky 

equation (19) we see that as 0 decreases, the line of slope - 1 

(45°) will move toward the left. Therefore, we will find mmi- 

u-ram, or l/d maximum at the point of tangency of a 45° line with the 

polar curve. This defines the angle of attack for best glide.* 

To find the L/D ratio of this or any other point of the polar, 

a scale has been provided as shown in Fig- 12. As -log C is taken 

in the direction of the Ky axis and is a first degree terra in the 

equation, the c or l/d scale has the same modulus as that of Ky. 

T7e take as reference value, (g-). , any point of the chart for which 

* It is known that any straight line which passes through the origin 
of a system of cartesian coordinates will appear as a straight line 
of slope = +1 (4b°) when plotted to logarithr.ic coordinates. As the 
value of l/d maximm is obtained by drawing a polar tangent to the 
Cartesian Ky vs. Kx curve, the 45° tangent is the logarithmic repre- 
sentation of this line. 
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Kx = i.e., at ^Trhich ^ = 1- 

To find the value of the l/d ratio for an^'- J)Oint of the polar 

it is only necessary to draw a line at 45^^ through the point and 

note its ■ intersection x^i th the l/d scale. 

Problens I n-'olv inp; C limb . 

To solve pro'ble:rns involving climh characteristics with the aid 
of the logarithmic diagram, re rust make the following assu.mptions:* 

(a) Engine speed remains constant regardless of altitude. 

(b) Engine power varies with a given power of the density 

ratio. 

(c) In climb the engine develops only SO'^^ full power. 

In justification of the first assumption there is the fact that 
in climb tests the variation of engine speed from sea level to celling 
is very small, the average drop being about 5 per cent. With rega.rd 
to (b), it has been found that the proper exponent for the density 
ratio is slightly different for different engines but a good average 
value is 1.1. The third assumption is less reliable than the other 
two because it depends upon so ma,ny factors, the most important being 
propeller characteristics. Y/hile 90^o is a fair value for the average 
airplane which has a considerable speed range and good climb, the 
selection of this factor for any new airplane of unusual character- 
istics will require the use of sound judgment and may vary consider- 
ably between different types- 

* If it is chosen to work out altitude problems ''step by step" these 
assumptions may naturally be disregarded. 
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To obtain the ceiling of our airplane, we use the constracticn 
shoTTO in Fig. 13. Kno\7ing gross weight, maxirmirn power and propeller 
characteristics, we locate the point A- Drawing the tangent CD, 
which is the velocity vector for hori^^ontal flight at minimum power^ 
we intercept the distance CA, which represents the power available 
for climb. iTow we draw the power- correcting line through A, using 
the scale system in the lower right corner of the cha.rt to dcterr-^ine 
its slope. 

The distance between the tangent defining minimm power and the 
power-correcting line represents the surplus power available for climl 
at the altitude read from the auxiliary scale GZ, and we see that 
at B, all the available power is required to maintain level flight. 
This, then, is the absolute ceiling and the airplane flies at the 
speed BD. 

To compute the rate of climb, we have only to solve the equation 

Climb (ft./min.) =^ HPex ^ 33,000/;7 
wherein HP^x ^'^^ surplus power available. In scaling off this 
quantity it is essential that the ends of the horizontal line repre- 
senting surplus power be projected parallel to the z- scale onto the 
sea level power vector. The va.lues of thrust power available and 
thrust power required may then be read by direct projection onto the 
thrust power axis. 

The location of service ceiling follows directly from this proc- 

cess.* T/e me rely determine the surplus power necessary to give climb 
* service ceiling is defined as tha.t p.ltitude at v;hich the m.aximum. 
climbing velocity attainable is 100 ft./min* 



N*A*G.A» Technical Note l\io. 305 17 
of 100 ftVmin. and locate the altitude at which this excess exists. 

The pr obler/i of Speed at Altitu.d e ♦ 

We have developed the solution for maximum speed at sea level 
and now have a close approximation for ceiling. Using these quanti- 
ties, we may no\7 solve for maximum and minimum speeds as well a-s the 
speed of best climb for any altitude. 

It is known that the R-P.LI. of the engine, for m.aximum level 
speed, will decrease with altitude and at ceiling will have the sa.me 
value as those for minimum, and best climbing speeds, the three being 
coincident. Also, as v/kd decreases, the propeller efficiency for 
maximum speed will approaxh that in climb and the two will become 
identical at ceiling. Then we may represent the maximum thrust pov;er 
available at any altitude by a line connecting the points c and y, 
as shown in Fig. 14, Appendix III, and the velocity vectors repre- 
senting YmeiX for all altitudes will originate in this line. 

The speed of best climb at any altitude is easily found as this 
is the speed of minimum power required for level flight. 

The minimum, speed, being that corresponding to maximum lift 
coefficient, will be easily found for all altitudes until we approach 
ceiling. When such solutions are desired, care must be taken to 
have the velocity vector originate within the limits of available 
power. An exam.ple of this kind is shoxm in the solution for minimum 
speed at 30,000 feet in the problem of Appendix ill. 
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Appendix I . 

U. S. Navy, Bureau of Aeronautics, Standard Atmosphere. 
Altitude, feet. Density . ratio 



0 


1.000 


1000 


.9710 


2000 


.9428 


3000 


.9152 


4000 


.8881 


5000 


.8617 


6000 


.8358 


7000 


.8106 


8000 


.7860 


9000 


.7619 


10000 


.7384 


12000 


.5931 


14000 


.6500 


16000 


.6089 


18000 


.5099 


20000 


.5328 


22000 


.4975 


24000 


.4641 


26000 


.4324 


28000 


.4024 


30000 


.3741 


32000 


.3472 


34000 


.3219 


36000 


.2980 


38000 


.271 


40000 


.345 
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A]2pondix_II.* 

Cliaract eristics of Aiiplanc Analyzed in Appendix ill- 

Gross vreigh-t W = 4800 113. 
Engine power P - 700 HP 

Engine power rcmr-.ins constant to 5000 ft. and then varies as 
the density ratio to l-l powor- 

Lift and drag of full sizo alrplano at 1 M.P.H. 



of attack 






-2 


.009 


.0611 


0 


.270 


.0603 


+2 


.436 


. 0630 


+4 


. 611 


.0700 


6 


.782 


.0823 


8 


.955 


.0980 


10 


1.098 


.116 


12 


1.-240 


.139 


14 


1 . 568 


.162 


16 


1.478 


.191 


18 


1.540 


.226 


20 


1.520 


.268 
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Notes to Appendix m . 

In Appendix m (Fig- 14), a complete example has been Tnorked 
out according to the processes detailed in the preceding pages. 
The polar curve Eho7?n in this cxa^mplc was obtained by wind tunnel 
measurements and refers to a t^TO-sea.ter observation aiiplane of 
recent design. 

Blank charts (blue line prints) in 18 by 34 inch size may be 
obtained upon request. 



U.A.C.A. Technical Note No. 205 



Fig.l 




N.A.C.A. Technical Note 305 



Fig. 2 



Log Ky 



Log W 



Log P (Thrust) 



c 

-<?- 



/ 



.Log ^Kx / 

/ / 



/ 



/ / A 

Log P (Mctoi:^) / J/ 



/ 



-OLog T{ 



a 



Fig. 2 



IJ.A.C.A. Technical Note 205 



Fig. 3 




N.A.C.A. Technical Note 205 



Fig. 4 




Fig. 4 



W.A.C.A. Technical Koto No. 205 



Fig. 5 




i\f, 



Technical NOue No. 30 5 



S!Z.g. 





Fig. 7 



.A.C.A. Technical Hote No.SOo 



Fig. 8 



Log W 




P 

-o 



Log P 



Log Kx 



Fig. 8 



N.A.C.A. Technic^.l Note iJo.205 



Log Ky 



Log W 



ao- 



Log P 



9W 



max. 



Log ¥^ 



max. 



Log P 
Log Kx 



Fig. 9 



IT. A. 



C.A. Tochnicrl Wote ^^0.205 



Fig. 10 




Fig. 10 




Fig. 11 



N.A.C.A. Technical iM'ote No, 205 




Log Kx 



Log 



Fig. 12 



N.B.C.A. Technical ilote No.SOS 



Fig.. 13 




Fig. 13 



OS 



Lift m lb at - 



h sqooo 



JuMM/J/fr or PcRrORMANCC 



Minimum jp^ed 
y^peed - best c/imb 
Rate of climb 
f\bsolufe cpt/ing 
Sp eed of c filing 
Service ceiling 
Max total i^t^'ghl 
nag '■/O 



(ffb) l5/5mph 
Um) 560mph 
(tji) 63jrr^ph 

^,^^ofpm 

(yjf) /07.5mph 

{ri) jo,eoort 

^zm)ll,^0Olb 



iQooo rt. 

ief) fS4Srnph 
(cm) 650mph 
[tj() 7J.dmph 

Note:- ror attitude performance, engine po 
to remain constant up to ^OOO ft and 
the density ratio to ft*e Atpovs/cr 



sooort. 

led) iSdOmph 
Inm) 61 2mph 
Isx) 63. J mph 
2,/SOfpm 



eaooort. 

iph) M6 Smph 
ipm) 7€idmph 
\ux) 6€3mph 
efJfpm 



jaooort. 

ijk) IJS.Omph 
{Jq) 3// mpti 
(v i> lOeSmph 
iSlfpm 
er is assumed 
then vary os 



-IQOOO 



We,^i (ft) 



r- l.OOO 



Ratio - 



5 — 
* - 





/(xooo /y^;^ — 
s,ooo Jy^ " ^ y / / 



I 1 » M I I l^i 



/ *oo Ttirust fht^r- (t€) 



"i""i""i"T'nT' n 

I ' ' - '|....|III-|IIM| 

ocooz 



tlofOr P Of^r (ti^ 



l ( \ I ' ■ | ll l l Mn i|' in |l M i |MM | i i'.,..y..rp"p 
' SO lOO 



'' M '''' | ''' T' '' | ''''l ' ' 7 '' n ''^1 ^^ yi ^ ^ ' ' I ' I "|iiii|iiii|iin|i 

t^4/^ 500 ^780^ 90X f=tr, rno^ 



z 
> 

o* 



2 

0 



o 



' "I ' T r T' T I M ' ' "I 

oooas ooof Orog fn fb of I mpn. ^g 




'i""i"M|i"i|iiir|""Fp'l I rini 

o/ 



